Abstract: Root-zone warming of trees can result in an increase in biomass production but the mechanisms for this increase may differ between evergreen and deciduous species. The leaf gas exchange, carbohydrate and nitrogen partitioning of two Australian evergreens, Acacia saligna and Eucalyptus cladocalyx, were compared to the deciduous Populus deltoides and Acer negundo after exposure to cool or warm soil during spring. The warm treatment stimulated aboveground biomass production in all four species, h ...
Introduction
The internal resource allocation patterns of woody species are dependent on seasonal cycles in both above and belowground temperature. In deciduous species, warm soils after winter dormancy can accelerate carbohydrate and nutrient mobilisation from the roots to support canopy development (Field et al. 2009; Greer et al. 2006; Rogiers et al. 2011b) . Similarly, carbohydrates and minerals are mobilised from the woody components of evergreens to support a new flush of growth, but unlike deciduous plants breaking from dormancy, the pre-existing leaves can also serve as a direct source for these nutrients (Chapin et al. 1990) . Evergreen species tend to dominate sites that are nutrient depleted (Monk 1966 ) and the longevity of the leaves presents a nutrient saving strategy (Wendler et al. 1995) . Nitrogen, for instance, is remobilised from the leaves in spring to support new growth in an evergreen Mediterranean oak (Cherbuy et al. 2001) . In deciduous species, root-zone warming in spring can also result in the mobilisation of N reserves from the perennial components of the plant (Tromp 1983; Zapata et al. 2004 ) such as the wood and bark (Coleman et al. 1991; Sauter and Van Cleve 1992) .
Aside from carbohydrate and nutrient remobilisation, root-zone temperature can modify leaf gas exchange through alterations in stomatal conductance (Benzioni and Dunstone 1988; Rogiers and Clarke 2013; Wan et al. 2004 ) and stomatal density (Rogiers et al. 2011a) . For instance, net assimilation of Picea rubens seedlings grown in a cold region was restricted more by minimum soil temperature than minimum air temperature, especially in spring (Schwarz et al. 1997) . Root-zone temperature can also influence photosynthetic reactions by altering the maximum rate of carboxylation (V c,max ) and the maximum rate of electron transport (J max ) (Cai and Dang 2002; Erice et al. 2006; Zhou et al. 2004) . These processes affect the transpiration efficiency of plants as well as growth and productivity (He and Lee 2001; Lopushinsky and Kaufmann 1984) .
The Australian climate is variable but has warmed significantly since 1910 with the number of hot days increasing and the number of cold days decreasing (Hennessy et al. 2008) . These rising temperatures are attended by increases in the temperature of the soil surface (van Gestel et al. 2011) . While Eucalypts have received some attention in their response to soil temperature (Stoneman and Dell 1993, Trueman et al. 2013) , it is unclear how woody legumes such as Acacias manage this abiotic factor. Acacia saligna is a small but vigorous tree from the Fabaceae family and is native to mesic regions of south-western Australia. Instead of true leaves, this wattle has phyllodes up to 25 cm long which are simple lamina formed from expanded petioles and thought to be an adaptation to drought (Boughton 1986) . The roots form a symbiotic relationship with rhyzobia bacteria and are thus able to undergo N fixation (Stock et al. 1995) . Many of Australian's native flora are leguminous trees and shrubs and their symbiotic root-nodule bacteria may respond to soil temperature and thus alter the N economy of these plants (Barnet and Catt 1991) . Acacia saligna has been introduced into semi arid areas as windbreaks, to prevent erosion and for stabilisation of sand dunes but subsequently has become a weed in eastern Australia and South Africa (Holmes and Cowling 1997; Marsudi et al. 1999; Yelenik et al. 2004) .
Eucalyptus cladocalyx is native to South Australia, belonging to the Myrtaceae, and grows on shallow, infertile soils that are acidic. This species, also referred to as bushy sugar gum, is tolerant to drought, heat and extreme conditions (Mora et al. 2009; Woodrow et al. 2002) . The juvenile leaves are orbicular while the adult leaves are broad lanceolate and reach 11-15 cm in length, with a dark green, glossy upper surface and a dull, paler lower surface. The leaves release cyanide as a defence mechanism against herbivory . E. cladocalyx has the ability to mass recruit through wind dispersal of its seeds and subsequently it has become a weed species in Western Australia and also South Africa.
The response to soil temperature of these two evergreen Australian natives were compared to the deciduous North American poplar (Populus deltoides) and maple (Acer negundo). P. deltoides is distributed across the eastern, central, and southwestern United States, the southernmost part of Canada, and northeastern Mexico. It is found in bottomland deciduous woodlands, banks of rivers and lakes and frequently colonizes disturbed open areas that are moist. Similarly, A. negundo is distributed across Canada and the United States and prefers flood plains and other disturbed areas with ample water supply. It is also present in some of the cooler areas of the Australian continent where it is listed as a pest invasive species.
Knowledge of how environmental factors such as soil temperature can affect growth is crucial to our understanding of how plants may adapt to a changing climate. The objective of this work was to compare mechanisms underlying the growth responses of two woody evergreens with two deciduous perennials during exposure to warm soils for ten weeks. To address this issue, the leaf gas exchange, non-structural carbohydrate and N partitioning within plants of Acacia saligna and Eucalyptus cladocalyx were compared to that of the deciduous Populus deltoides and Acer negundo. We expect that soil warming will result in greater growth in both the perennial and deciduous plants. We hypothesise that the existing canopy of evergreens as well as the new canopy of the deciduous species will up-regulate stomatal conductance and whole plant net assimilation. Because this will occur later in the season for deciduous plants, after the new leaves become positive exporters of C, initial new growth will be more dependent on C reserve mobilisation. Furthermore, we expect that the pool of N located in the existing canopy of evergreens will contribute to the new growth and that in the case of A. saligna, N will also be derived from their symbiotic roots.
Materials and Methods

Plant material and soil temperature treatments
Four-year old seedlings of golden wreath wattle (Acacia saligna), bushy sugar gum (Eucalyptus cladocalyx var. nana), maple (Acer negundo) and poplar (Populus deltoides) were purchased from a local nursery near Wagga Wagga, NSW. None of these species were in their reproductive phases. Of these plants, eight from each species were removed from their pots, roots were washed and the plants were frozen for subsequent carbohydrate and N analyses. The rest of the plants were transplanted into 3 L pots with a medium of river sand: loam (2:1). The bottoms of the pots were drilled for drainage holes and covered by a fine mesh to prevent roots from emerging.
Four of these individual pots of one species were then inserted into a larger 40 L freedraining pot filled with sand and coiled with 1 m of 13 mm diameter polyetheylene piping. These were connected to 50 mm PVC piping and attached to a recirculating water system which led from two temperature-controlled water tanks set at 15 and 25 °C. The sides and bottom of the large pots were insulated with 10 mm dense foam The pots were irrigated daily by tap water to field capacity and soil moisture was monitored twice weekly with ML2x Theta Probes (Delta-T Devices, Cambridge, England) calibrated against soils of a known soil moisture content. Soil moisture was not different between the treatments and averaged 16.0 ± 1 % for the maple, 16.5 ± 1 % for the poplar, 16.2 ± 1 % for the sugar gum and 12.1 ± 0.8 % for the golden wreath wattle.
Leaf gas exchange
Instantaneous net assimilation (A), transpiration (E) and stomatal conductance (gs)
were measured 40 days after the onset of the treatments on three mature, fully expanded leaves per plant (n=4) using an LI-6400 portable photosynthesis system (LiCor Biosciences Inc., Lincoln, NE). The light source (6400-02B Red-Blue) was set to 1000 µmol m 
Canopy measurements
Primary stem length was measured from the base of the plant to the stem apex using a flexible tape at the onset and at the termination of the treatments.
Stomatal density
Stomatal counts were determined on both the abaxial and adaxial sides of three fully expanded leaves per plant at the termination of the experiment. Nail polish was applied to the leaf and allowed to dry for 10 minutes. Clear adhesive tape was used to peel off the nail polish and this was pressed onto a microscope slide. Stomatal density was assessed at three positions of standard area (1 mm 2 ) using a bright field microscope (Provis AX70, Olympus America, Melville, NY).
Carbohydrate and N analyses
At the onset (n=8) and termination of the treatments (n=5) the plants were destructively harvested and divided into roots, stems, primary leaves and lateral leaves. The plant components were washed in 0.1 % detergent (Decon 90) and then rinsed in de-ionized water. The plants were oven dried at 60 °C to constant weight and ground with a centrifugal mill (Retsch ZM200, Hann, Germany). Starch and soluble sugars were assessed on a 20 mg subsample according to Rogiers et al. 2011b .
The soluble sugars data consist of the combined glucose, fructose and sucrose fractions. N content was determined on a 40 mg of sample using a VarioMAX combustion analyser equipped with a thermal detector (Elementar, Hanau, Germany).
Statistics
Two-way analysis of variance (anova), with independent factors as treatment and plant component, was applied to test effects on N and biomass allocation, carbohydrates, leaf characteristics and gas exchange. Regression analyses were used to assess correlations between A and Ci. Tests were considered significant at P < 0.05. 
Results
Growth and biomass
Relative to the other three species, the evergreen wattles had the most rapid growth rates ( Figure 2 ). Elevated root-zone temperature did not, however, stimulate stem extension rates beyond that of the cool temperature treatment (P >0.05). The slightly greater increase in stem elongation of the deciduous maple (8%, P > 0.05) was also not significant. Conversely, stem elongation was increased in the evergreen sugar gum (30%, P < 0.01) and deciduous poplar (20%, P < 0.001) as a result of the warm root-zone temperature.
Primary leaf number was not affected by the root-zone treatments in any of the species, however lateral leaf number increased 7-fold for the maple and the sugar gum (Table 1) . Several of the wattle plants also had an increase in lateral leaf number but there was extensive variation between the replicates and therefore this increase was not significant. Dry weight of individual primary leaves that developed on the deciduous maple and poplar plants exposed to the warm treatment was two to threefold that of those that developed in the cool treatment ( Table 2 ). The primary leaves of the evergreen sugar gum and the wattle plants were not affected by the soil temperature treatments, however the lateral leaves of the gums exposed to the warm treatment far outweighed (26-fold) those that developed in the cooled soil. A similar response was apparent in the lateral leaf dry weight of the maples (0 vs. 28 mg in cool vs. warm soil, respectively).
The wattles allocated the greater proportion of their biomass to the stems and phyllodes ( Figure 3 ). The warmed plants had 51% greater stem dry weight but the total dry weight of the primary or lateral phyllodes were not affected by the treatments. Total plant biomass was greater in the warm treatment, but these differences, similar to the other three species, were not statistically significant.
The foliage took up the greatest proportion of the biomass in the sugar gum plants ( Figure 3 ). While there were no differences in the total plant primary leaf dry weight as a result of the root-zone treatments, the lateral leaf dry weight increased from 0 mg in those plants exposed to the cool soil to 400 mg in those plants exposed to the warm soil. In the sugar gum, there was no distinction in old or new fine root biomass as the result of the temperature treatments.
The deciduous poplar plants had their greatest biomass invested in the stems and the aboveground portion of the plant component was greater by 61% when plants were exposed to warm soils as compared to the cool soil (Figure 3 ). The total plant primary leaf dry weight was also 3-fold greater in this poplar cohort. New fine root growth was less, however by 45%. Conversely, the deciduous maple plants allocated a large proportion of their biomass to the roots (50%) and stems (41%) and new fine root growth was stimulated by the warm soils (130%). Primary and lateral leaf dry mass were greater by 97 and 412 %, respectively.
Leaf gas exchange
Rates of CO2 assimilation (A), stomatal conductance (gs) and transpiration (E) were greater as a result of the warm soil treatment in three of the species but not the maple (Figure 4) . A was greater by 104, 87 and 31% for the sugar gum, wattle and poplar in the warm treated plants as compared to the cool treated plants, while gs was greater by 135, 116 and 31% and E was greater by 81, 48 and 11%. Conversely A, E and gs declined by 7, 14 and 23% in those maple plants exposed to warm root-zones as compared to the cool root-zones. Intrinsic transpiration efficiency (A/ gs) was not affected by the soil temperature treatments (P = 0.74) but varied over three-fold between the species (P < 0.001), averaging at 24 ± 1 in the poplar, 35 ± 3 in the wattle, 60 ± 4 in the sugar gum and 91 ± 3 µmol CO2 mmol -1 H2O in the maple.
Stomatal density
Stomata were present on both sides of the phyllode in the wattle and the leaf in the poplar, but only on the abaxial side in the sugar gum and maple. Root-zone warming resulted in a 27% higher stomatal density on the abaxial surface of the sugar gum, but was not altered on the adaxial surface (Table 3 ). The stomatal density of the other three species was not changed by the temperature treatments and was highest in the wattle at approx. 260-265 stomata mm -2 .
Non-structural carbohydrates
The underground stem of the wattle contained the highest starch concentrations (12% of the dry weight, P < 0.01) prior to the initiation of the treatments, and this was followed by the aboveground stem, the coarse roots and the fine roots ( Figure 5 ). Soil warming had tissue dependent effects on starch concentrations (P < 0.05). For instance, warming resulted in a significant decline (nearly three-fold) in the starch concentrations of the underground stem while those exposed to the cooling treatment remained at the original levels. The new fine roots that developed in the warm soil contained double the starch concentrations of those that developed in the cool soil.
Starch concentrations of the pre-existing sugar gum roots and stem fell by 40 % over the 70 days of treatments (P < 0.001), but there were no temperature effects on this non-structural carbohydrate.
Of all the maple plant components, starch concentrations were highest in the coarse roots (14 to 16 % on a dry weight basis, P < 0.001, Figure 5 ). There were no soil temperature treatment effects on the starch concentrations of this belowground plant component and levels remained unchanged after 70 days relative to that of the dormant phase. Starch concentrations of the pre-existing segment of the stem and the segment that developed during the treatments were not significantly affected by the root-zone treatments. The starch concentrations of the poplar plant components did not change significantly over the 70 days of treatments and there were no temperature effects. The exception is the new fine roots which contained higher starch concentrations in the cool treatment (P < 0.01).
Soluble sugars of the existing roots and woody components declined between dormancy and the termination of the treatment period in both cooled and warmed plants of both deciduous species (P < 0.01), and to a lesser extent in the sugar gums ( Figure 6 ). The wattle, however, had greater soluble sugar concentrations in all the components of the warmed plants as compared to pre-treatment levels (P < 0.001).
The coarse roots and the underground stem had soluble sugars between 6 and 7%, 2 to 3-fold that of the pre-treated or cooled roots. Likewise, the new warmed fine roots contained 5-fold greater soluble sugars as compared with the cooled fine roots. In the sugar gum there were no differences in soluble sugar concentrations between warmed or cooled plant components (P > 0.05). In the maple, however, soluble sugars were especially low in the roots of the warmed plants. Conversely, the old and new fine roots and the stems of the warmed poplars were not different compared to those of the cooled plants.
Nitrogen
The N concentration of the evergreen wattle plant components did not differ greatly as a result of the treatments with the exception of the phyllodes (P < 0.01) which contained higher N concentrations after soil warming (Figure 7 ). In the sugar gum a decline in N reserves of the roots, stem and leaves occurred between the initiation and the termination of the temperature treatments. There were no temperature treatment effects, however, in any of the sugar gum components, including the leaves (P > 0.05).
In the deciduous maple, the N reserves of the pre-existing roots and stem declined between dormancy and the termination of the treatment period (Figure 7) . The new fine roots contained higher N concentrations after exposure to the cool treatment, however the stem and leaves (P < 0.05) contained higher N concentrations after the warm treatment. In the deciduous poplar, N concentrations of the underground portion of the stem also declined after dormancy but there were no treatment effects. The new above (P > 0.05) or belowground growth did not differ in N concentration as a result of the treatments.
Discussion
Soil temperature and plant growth
Warm root-zones stimulated aboveground biomass accumulation in the two Australian evergreens, as well as the deciduous poplar and maple plants. Across the four species, most of this biomass was allocated to the stems and the leaves. The greater biomass was the result of stem thickening in the wattle, while stem elongation and lateral leaf production were increased in the sugar gum, maple and poplar. The greater number of lateral leaves that emerged as a result of the warm soil treatment can possibly be attributed to the contribution of root signals on lateral bud growth (Goodwin et al. 1978) . Cytokinins have been implicated as having a role in lateral bud burst (Cline 1991; Tromp 1996) and concentrations of this hormone increased in the xylem sap of grapevines grown under warm soils (Field et al. 2009; Skene and Kerridge 1967) . A similar role for cytokinins may be present in the sugar gum, poplar and maple of our study.
Contrasting to the wattle, the primary and lateral leaves of both deciduous species as well as the new lateral leaves of the sugar gum were larger as a result of the soil warming. Larger leaves allow deciduous plants to attain a positive carbon balance early after budburst (Stone et al. 1999) . Soil warming stimulated leaf expansion in deciduous grapevines (Rogiers et al. 2011a ) and this developmental adjustment may be the result of increased plant water status through decreased water viscosity and increased permeability of roots (Kaufmann 1975; Wan et al. 1999) . The lack of response in phyllode size of the wattle plants to soil warming indicates that phyllode expansion is under different control from standard leaf expansion.
Root growth in response to soil temperature
Relative to cool soil, warm soil did not encourage greater root growth in the wattle or the sugar gum. The lack of response in these Australian evergreens as well as the inhibition of root growth in the poplar indicates that the temperature optimum for these species is less than the 16-33 °C diurnal range that these plants were exposed to. Similar to our study, Eucalyptus marginata had greatest shoot growth with soil temperatures at 30°C but root growth was greatest at 20°C (Stoneman and Dell 1993) .
Warm soil encouraged root growth in the maple only. Acer negundo is a floodplain tree that grows on moist soils and has a shallow root system (Foster 1992) . Since the upper layers of the soil are often warmer than the deeper layers perhaps this species is better adapted to take advantage of springtime soil warming through swift nutrient and water uptake.
In the wattle and the poplar, new fine roots had higher starch concentrations when they developed in the warm soil as compared to the cool soils. These new fine roots did not, however, have higher soluble sugar concentrations, with the exception of the wattle. Starch is often deposited in new fine roots (Marshall and Waring 1985) and since plants grown in warm soils have higher net assimilation and greater leaf area this may act as a source of carbon for deposition into these organs with characteristically high respiration rates. It is interesting to note that the poplars grown in warm soil had less fine root dry mass but relatively high starch concentrations compared to the other species. This may indicate that at least some of the starch within the fine roots was mobilised to support structural growth of these fine root tissues in the three other species.
Warm soils did not result in a decline in starch concentrations of the perennial roots during the treatment period in any of the species. Despite this, the soluble sugar levels of the poplars prior to budburst were two to five-fold greater than the other species and these declined considerably over the subsequent ten weeks in both treatments.
Maple fine and coarse roots also declined in soluble sugar concentrations as a result of soil warming. Other studies have shown that root and plant non-structural carbohydrates are mobilised to a greater extent with soil warming after budbreak (Landhäusser et al. 2001; Rogiers et al. 2011b) . The rapid shoot development in our two evergreen species grown in warm soils had likely contributed to an early positive plant carbon balance and contributed to reserve replenishment prior to an initial drawdown. Sampling at closer time intervals is required to resolve this.
Root-zone temperature regulation of gas exchange
Warm root-zones stimulated net assimilation in the wattle and sugar gum, along with the poplar, and greater gs contributed to this. A similar inhibition of photosynthesis in cool soils has been reported in evergreens such as red spruce seedlings (Schwarz et al. 1997 ) and Scots pine (Wu et al. 2012) as well as deciduous species such as grapevines (Rogiers and Clarke 2013) and poplar (Landhäusser et al. 2001; Wan et al. 2004 ).
Root-to-shoot signals such as abscisic acid have been implicated in having a role in stomatal regulation by soil temperature, in a similar response mechanism to drought (Wan et al. 2004; Zhang et al. 2008) . Aside from stomatal effects on photosynthesis, soil temperature can also modulate biochemical capacity for photosynthesis (Cai and Dang 2002) .
Greater leaf transpiration rates accompanied the higher gs of those plants grown in the warm soil and, aside from the stomatal regulation of E, increases in both soil and plant hydraulic conductivity under warm conditions may have contributed to the increased water transport through these plants (Berndt et al. 1999; Fennel and Markhart 1998; Kramer and Boyer 1995) . Unlike the other three study species, E, gs and A of maple leaves were inhibited by the warm soil treatment. The root-zone temperature optimum may thus be lower for this species when grown in the soil medium used in this study.
Stomatal density was increased in sugar gum leaves as a result of the soil warming but this leaf parameter did not respond to this abiotic factor in the other three species.
Stomatal density can respond to environmental factors such as light (Schoch et al. 1984 ) and CO2 (Woodward and Kelly 1995) but little information is available for soil temperature. In grapevines, soil cooling following winter dormancy can result in higher stomatal density in the newly formed leaves and, at fruit set, this leaf parameter was inversely correlated to the starch concentrations of the roots and trunks (Rogiers et al. 2011a) . A feedback mechanism was hypothesised by which plants may regulate photosynthesis to restore the carbohydrate status of the plant. In contrast to the grapevines, in this study stomatal density of sugar gum leaves was lowered after exposure to cool soils without any apparent differences in starch concentrations of the perennial components. These results signify that a different feedback mechanism is operational in this evergreen species and further work is required to understand these genotypic differences.
Nitrogen partitioning in response to root-zone temperature
In both deciduous species, the leaves acted as a strong N sink during spring, drawing from reserve pools located in the pre-existing roots and stems. Others have determined that, in deciduous trees, this N is derived from the wood and bark storage proteins (Coleman et al. 1991; Sauter and Van Cleve 1992) . Newly formed wattle phyllodes were also a strong N sink, but unlike the deciduous plants the N did not appear to be sourced from other major plant components since N levels did not decline in any of these over the treatment period. It is likely that the N was derived from the activity of symbiotic N fixing bacteria, characteristically present on the roots of this species (Barnet and Catt 1991; Marsudi et al. 1999) . Increased activity of N fixing bacteria as a result of soil warming was apparent in our wattles and this response has already been reported in other evergreens (Reddell et al. 1985 ) which form such symbiotic relationships.
Conversely, the leaves and stem of the sugar gum declined in N concentration over the treatment period and this may simply have been a dilution effect of N translocation from old to new growth. In this species root-zone warming resulted in higher N concentrations within the newly formed fine roots and perhaps there was greater N mineralisation and availability (MacDonald et al. 1995; Saxe et al. 2001) as well as improved ion uptake kinetics (BassiriRad et al. 1993) . These strong species differences between N sources and sinks add to the complexity of modelling N cycles within perennial species in response to a warming climate.
Summary
While the results of this study are based on a short term experiment, the following synopsis can be made about the resource allocation patterns of the two Australian woody evergreens and two deciduous North American seedlings under warm soils.
1. The wattles allocated more C to stem thickening in warm soils but new phyllode and root growth were similar to plants grown in cool soil. Greater gs and A contributed to the increased C status of the plants as evidenced by greater levels of soluble sugars in all plant components and the accumulation of starch in the new fine roots. Phyllode N status was also increased and this was likely the result of greater symbiotic N fixation in the roots.
2. The sugar gums produced longer stems and invested more C into lateral leaf production when plants were grown in warm soils. New leaves had higher stomatal density but A was also increased in the older leaves through greater gs. Fine root growth was not stimulated but these roots did accumulate more N than those exposed to cool soils.
3. Despite no significant effects on leaf gas exchange, the maples allocated greater biomass to lateral leaves and they differed from the evergreens in that the primary leaves were also larger when plants were exposed to warm soils. New fine root biomass was greater while the old fine and coarse roots declined in soluble sugar levels after exposure to the warm treatment. Leaves and stems accumulated more N when roots were exposed to warm soils and while reserve N was mobilised in both temperature treatments, there was also likely greater N uptake by the warmed roots.
4. Poplar plants grown in warm soils responded similarly to the maple plants with greater C allocation to the primary leaves through increased leaf size. This augmented leaf area along with increased A through higher gs likely led to more starch accumulation in the new fine roots. The old fine roots mobilised greater levels of N when warmed but new fine root growth was less under these conditions. Our hypothesis was thus confirmed and soil warming stimulated growth in both the perennial and deciduous species. The form of this growth, however, differed between each of these four species and there did not appear to be overriding commonality based on leaf longevity. Despite these differences, in both deciduous species soluble sugars were sourced from existing C pools located in the roots and woody structures while in both perennials soil warming increased net assimilation. The N required for new growth was sourced from the woody components in the deciduous plants and, as expected, from the existing leaves in the perennial sugar gum and from symbiotic N fixation in the legume. As exemplified by these four species, whole-plant source-sink relations as well as N uptake and partitioning are dependent to some extent on the leaf lifecycle of the plant.
Because, as indicated here, all four species have the potential to grow more vigorously under a warming climate, rigorous management is required for those species listed as invasive weeds in specific regions of Australia. Invasive species are typically fastgrowing and able to adapt to harsh conditions and therefore are likely to become more successful in a changing climate. This study was simplified by altering only one variable-soil temperature, but soil drying will likely accompany the warmer temperatures. From a conservation perspective, future research should thus be targeted at investigating the competitive behaviour of weed species, within real ecological settings over several seasons, in response to the combined interaction of both warmer and drier soils. This knowledge can then inform predictive models to better understand the full implications of these abiotic changes on the potential threat of invasive species in vulnerable ecosystems. 
